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LASER ANNEALING METHOD 



CLAIM(S) 

1. A laser annealing method for a thin film semiconductor 
device having its substrate and a semiconductor film formed on the 
substrate, characterized by its annealing the semiconductor layer 
of a polycrystalline silicon film so as to provide it with a (111) 
dominant orientation. 

2. A laser annealing method, as cited in Claim 1, wherein the 
polycrystalline silicon film is formed by a reduced-pressure CVD 
method on the substrate of 550 °C or lower, and said polycrystalline 
silicon film is made to have a (111) dominant orientation by 
radiating laser to it. 

3. A laser annealing method, wherein the (111) dominant 
orientation occurs by radiating laser at 200 mj/cm 2 or higher if the 
polycrystalline silicon film is 1,500A thick and formed at 500°C or 
lower, and at 400 mj/cm 2 or higher if the polycrystalline silicon 
film is formed at 520 -550°C. 

4. A laser annealing method, wherein the (111) dominant 
orientation occurs by radiating laser from the polycrystalline side 
at intensity 400 mj/cm 2 or higher if the film thickness is 800 - 



1,500A in making the si film thinner, at 300 mj/cm 2 or higher if the 
film thickness is 600 - 8O0A, and at 200 mj/cm 2 or higher if the 
film thickness is 600A or less. 



DETAILED DESCRIPTION OF THE INVENTION 

(Field of Industrial Application) 

The present invention pertains to a laser annealing method, 
particularly, to that suitable for a display device of an active 
matrix type. 

(Prior Art Reference) 

Recently, as a thin film transistor (TFT), which is an active 
matrix type thin semiconductor device, polycrystalline silicon 

(P°ly-Si) is used, for its being suitable for high image quality. 
This poly-si film is made by a reduced-pressure CVD method (LPCVD 
method) and a normal-pressure CVD method (APCVD method). For the 
insulative substrate, a quartz glass sheet or an ordinary glass 
snetJt is U6ed - When an ordinary glass sheet is used, the. highest 
usable temperature is limited to approximately 640«C; ^therefore, 
a method to apply laser only to the surface layer of the poly-si 
film without giving a thermal impact on the glass sheet has been 
tried for the recrystallization. In this method, the crystallinity 
is far more improved than in the method of low-temperature 
annealing which does not give an impact on the glass sheet. 

In the past, as introduced in Japanese Unexamined Patent 60- 
245124, a method to produce a semiconductor device by radiating 
ultraviolet laser pulses to a si' film. 



(Problem The Invention Attempts to Solve) 

In the prior art technology, the TFT characteristics were 
improved by improving the crystallinity by the laser radiation. 
But, the orientation of the poly-si film which has been 
recrystallized was not yet studied; therefore, there still is a 
room to improve a carrier transfer level in making a TFT. 

The objective of the present invention is to obtain a large 
level of carrier transfer by considering structure of the thin film 
semiconductor device, particularly, the orientation of the poly-si 
film used for the active layer of the TFT, in order to improve the 
characteristics of the thin film semiconductor device. 
(Means to Solve The Problem) 

Said objective can be achieved by providing a (111) dominant 
orientation to the poly-si layer constituting the TFT which is a 
semiconductor device formed on an insulative substrate such as a 
glass sheet. 

This poly-si layer is obtained by laminating it to the 
thickness of 1,500A or below on a substrate of temperature 550°C or 
lower under the reduced-pressure CVD method, and by radiating laser 
from the poly-si side at laser intensity 400 mj/cm 2 or higher in 
case the si film is formed at 520 - 550°C or higher, and at 200 
mj/cm 2 or higher in case the si film is formed at 500 °C or higher. 
When the si film formed at 550°C is made thin, the laser is 
radiated from the poly-si layer side at 400 mj/cm 2 or higher for the 
thickness 800 - 1,500A, at 300 mj/cm 2 or higher for the thickness 
600 - 800A, at 200 jm/cm 2 for the thickness 6t)6A or below. 
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(Function) 

With the poly-si film recrystallized by the laser radiation, 
every crystal has a very few defects, and the electron traps are 
greatly affected by a grain boundary. The electron concentration 
on the surface of the grain boundary of the poly-si crystal is 
analogous to a .phenomenon that boundary electron charge 
concentration between each crystal boundary of Si single crystal 
and Si0 2 increases from (100) to (110) and to (111) in this order. 
With the poly-si film having the (111) dominant orientation, the 
trap concentration in perpendicular direction against the film (111 
orientation direction) increases relative to the one with no 
orientation. Regarding the horizontal direction to the film, the 
poly-si film with (111) dominant orientation has relatively lower 
trap concentration than the one with no orientation. If the trap 
concentration is low, the depletion width generated in the. grain 
boundary will become narrower, so the potential barrier becomes low 
here. The carrier transfer level of the poly-si is primarily 
determined by the height of the potential barrier in the grain 
boundary. The carriers of the TFT flow in the direction horizontal 
to the poly-si film. Due to these conditions, the carrier transfer 
level is larger in the poly-si with (111) dominant orientation than 
poly-si with no orientation. 
(Application Example) 

An example of the application of the present invention is 
explained below. 

Fig. 1 shows a sectional view of the TFT to-'tffiich the present 



invention is applied. The substrate 1 is the glass substrate, the 
distortion temperature of which is 640°C. The substrate 1 is kept 
at 550°C, and using the raonosilane gas diluted with helium by 20%, 
the LPCVD film is formed under the condition of 1 torr pressure. 
The time used for the film- forming is 85 minutes, and the thickness 
is 1,50 oA. Subsequently, the substrate 1 is kept at 480°C, and 
using a mono-silane gas diluted with helium by 4% and oxygen, the 
surface protective film is formed up to l,00 n A by CVD under normal 
pressure for approximately 8 minutes. From above this film, 
ultraviolet pulse laser (wavelength 308nm, pulse width 25ns) having 
its gas source of XeCl is radiated to obtain the poly-si films 2, 
3, and 4, which are the recrystallized LPCD films. By using the 
laser intensity of 400 mj/cm 2 , the primary crystalline orientation 
of the poly-si film becomes (111) dominant orientation, and the 
average crystal diameter is approximately 1,000A. Subsequently, 
the Si0 2 film used for the surface protection is removed by a 
hydrofluoric acid solution. The poly-si film which has been 
recrystallized by laser is put to the process of hot etching to 
form it into island, and the Si0 2 film 5 for the gate insulation is 
laminated on it by a CVD method under normal pressure. Then, the 
poly-si film 6 for the gate electrode is laminated up to 3,500A at 
550°C under 1 torr. After the gate film 5 is photo-etched, the 
source and the drain regions 3 and 4 are put to the process of 
implantation. The implantation conditions are: use of phosphate 
(P), 5 x 10 l$ cm 2 dosage, and 30KeV voltage. The passivation film 8 
made of phosphorus glass is formed up to at 4 00°C, and 



heated to 600°C in N 2 nitrogen for 20 hours or more, or ultraviolet 
pulse laser is radiated at 200 mj/cm 2 intensity to activate the 
implantation region. After it is put to photo-etching to make the 
contact hole, Al electrode 7 is formed by sputtering up to 6,000A 
to form the TFT. 

Fig. 2 shows the X-ray refraction intensity in recrystallizing 
the poly-si film, which has been formed up to 1,500A at 550°C, by 
radiating ultraviolet pulse laser from the poly-si side changing 
the intensity in the range of 100 - 400 mj/cm 2 , and shows the 
changes in the transfer level of TFT. The Si (111) refraction peak 
having the most intense refraction has the threshold energy (app. 
100 mj/cm 2 ) or higher, and increases in proportion to the laser 
intensity, but other si (220) and si (311) refraction peaks have 
the laser intensity 300 mj/cm 2 or higher, but the increasing rate 
declines, so the orientation becomes (111) dominant orientation. 
The transfer level drastically increases at 300 mj/cm 2 or higher 
laser intensity, at which the (111) dominant orientation occurs. 

Fig. 3 shows the crystalline orientation of the poly-si film 
which has been recrystallized by ultraviolet pulse laser after 
forming the LPCVD film at 500 - 600 °C and covering it with the 
surface protection film. By radiating laser at intensity of 200 
mj/cm 2 or higher to the LPCVD film formed on the substrate of 500°C 
and by radiating laser at intensity of 400 mj/cm 2 or higher to the 
si film formed at 520-550°C, the orientation becomes (111) 
dominant, but the (111) orientation does not occur to the si film 
which has been formed at 580°C or higher. * * ' 
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Fig. 4 shows the crystalline orientation of the poly-si fil m 
which has been recrystallized by radiating ultraviolet laser pulses 
after forming the LPCVD film to 400-1500A at 550°C substrate 
temperature followed by the forming of the surface protection film. 
The (111) dominant orientation occurs to the films by radiating the 
laser at intensity 400 mj/cm 2 or higher to the film of 1500A, at 300 
mj/cm 2 to the film of 800A, and at 200 mj/cm 2 to the films of 60oA 
and 400A. 

The poly-si film will have a large transfer level if it 
primarily has the (111) dominant orientation, and if this is used 
for a TFT's active region, its electrical characteristics will be 
greatly enhanced. 
(Advantage of The Invention) 

According to the present invention, even when the laminating 
conditions of the LPCVD film varies, the (111, dominant orientation 
of poli-si film can be achieved by optimizing the intensity level 
of the radiated ultraviolet laser pulses; therefore, a thin film 
semiconductor device with a large carrier . transfer level can be 
produced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 shows a block diagram of the TFT structure of the 
present invention. Fig. 2 shows the laser intensity-dependence of 
the crystallinity and the carrier transfer level of the poli-si 
after annealing. Fig. 3 and Fig. 4 show the crystalline 
orientation of the poli-si film. 
1. insulative substrate ' 




2 . polycrystalline silicon layer 

3 . source region 

4 . drain region 

5. gate insulative film 

6. gate electrode 

7 . Al electrode 

8. passivation film 
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